Acetic acid bacteria (AAB) have undergone continuous taxonomic revision, resulting in an increased number of genera and species ascribed to this group. Thus, the description of the most common AAB in grapes, must and wine has changed dramatically since the initial assessments, which were primarily based on physiological methods. In the present study, we identified the AAB isolated from different grape musts by sequencing the 16S rRNA gene and 16S-23S rRNA gene internal transcribed spacer region. We had previously performed studies from the same winery. However, in this study we now identified AAB species that have been recently described in wines, as well as others that were identified for first time in this niche. Gluconobacter cerinus, G. japonicus, G. thailandicus and G. oxydans were previously identified as G. oxydans. Kozakia baliensis was also within this group. Acetobacter pasteurianus, A. cerevisiae and A. malorum were formerly grouped as Acetobacter sp. Many isolates previously described as G. oxydans or A. aceti likely correspond to other, newly described species of the same genera.
Introduction
Acetic acid bacteria (AAB) are Gram-negative or Gram-variable, ellipsoidal or rod-shaped cells that have a strict aerobic metabolism with oxygen as the terminal electron acceptor. 1 These microorganisms have been isolated from a wide variety of substrates, such as fruits, flowers, food and fermented beverages, such as wine, vinegar, kombucha tea, and cocoa. Recently, the active search for new species has led to reorganization of the group, and at present, 13 genera and over 60 species have been described. 2 These changes altered the description of the presence and possible role of different AAB species in various niches, such as grape must and wines.
The traditional view of the presence of AAB in grapes and wines was established by Joyeux et al. (1984) . 3 The view was straightforward, with Gluconobacter oxydans as the main AAB in sugar-rich media, such as grapes or must, and Acetobacter aceti present in high-ethanol media, such as wine. When the grapes were altered, the must started fermenting and A. aceti became the main AAB species, producing sour rot. The result of AAB progression in grapes is such that G. oxydans produces high levels of gluconic acid, whereas A. aceti produces acetic acid. In wines, although A. aceti has been considered the main altering AAB, later studies indicated that A. pasteurianus was present in altered bottled wines. 4 In the new millennium, several molecular biology methods have been developed for the analysis of AAB from grapes and wines and quickly displaced classical physiological methods. Although the use of molecular biology methods in general ratified the traditional description, the first molecular studies also identified other species, such as Gluconacetobacter hansenii 5, 6 as well as Ga. liquefaciens. [5] [6] [7] Later, A. oeni was described as a new species isolated in Portuguese spoiled red wines, which was considered the main spoilage agent. 8 Additional newly described species were isolated in Austrian wines (A. tropicalis), 9 Chilean musts (A. cerevisiae), 10 and Spanish fermented musts from the Canary Islands A. tropicalis and A. cerevisiae along with A. malorum, G. japonicus, and Ga. saccharivorans. 11 Ga. saccharivorans was also isolated in Japanese Chardonnay must fermentation. 12 Asaia siamensis has been described in Tempranillo wines during malolactic fermentation. 13 Thus, the present view of AAB species associated with grapes, must and wines is much more complex than previously described.
During the last decade, quick and easy molecular techniques based on the phylogenetic relationships between AAB have been developed for identification and typing. Species-specific polymorphisms of both ribosomal genes and their spacers have been used for identification after polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) techniques. 6, [14] [15] [16] Several PCR techniques have also been proposed for AAB typing, such as enterobacterial repetitive intergenic consensus-PCR (ERIC-PCR), 6, 17, 18 repetitive extragenic palindromic-PCR (REP-PCR); 7 (GTG)5-PCR fingerprinting, 19 and random amplified polymorphic DNA-PCR (RAPD-PCR). 4, 10 These techniques are employed on a routine basis to group AAB. However, to identify individual AAB species, phylogenetic analysis and sequencing of 16S rRNA genes or 16S-23S rRNA gene internal transcribed spacer (ITS) regions have been proposed. 11, 20 The aim of this study was to isolate and identify AAB species from grape musts obtained in the same niche in which we had previously performed different ecological studies. 7, 15 In the previous studies, we identified only five AAB species (G. oxydans, A. aceti, A. pasteurianus, Ga. hansenii and Ga. liquefaciens) using the AAB species classification existing at that time. In the present study, we use molecular methods and the new AAB species classification to evaluate whether the biodiversity present in this niche is higher than initially thought.
Materials and Methods

Acetic acid bacteria isolation and identification
Isolates were obtained from two grape musts (M1 and M2) that were a mixture of different varieties from an ampelographic collection. The must samples were plated on GY medium (1% yeast extract, 5% glucose, 2% agar w/v) and incubated at 28°C. Each bacterial colony obtained was then replicated on GYC medium (1% yeast extract, 5% glucose, 0.5% CaCO3, 2% agar w/v). Colonies that produced a clear halo on GYC medium were considered putative AAB and were typed and identified using molecular techniques. DNA extraction was performed using a modified version of the cetyltrimethylammonium bromide method (CTAB). 11 (GTG) 5 -polymerase chain reaction fingerprinting AAB genotyping was performed using (GTG)5-PCR fingerprinting. 19 The reactions were performed using a GeneAmp PCR System 2700 (Applied Biosystems, Foster City, CA, USA). Only one primer was used (5'-GTGGTGGTGGTGGTG-3').
Amplification products were detected after electrophoresis at 80 V for 3 h on a 1.5% (w/v) in agarose gel by staining with ethidium bromide in 1X TBE buffer. Pattern band lengths were determined by comparison against a DNA XVI 250 bp ladder for the largest bands and DNA XIV 100 bp ladder for the smallest bands (Roche Diagnostics, Mannheim, Germany).
16S rRNA gene and 16S-23S rRNA gene internal transcribed spacer polymerase chain reaction-restriction fragment length polymorphism and sequencing
The method used for initial identification was PCR-RFLP of the 16S rRNA gene. The 16S rRNA gene was amplified using the method previously described. 15 The primers used were Aceti I-F (5'-GCTGGCGGCAT-GCTTAACACAT-3') and Aceti IV-R (5'-GGAGGTGATCCAGCCGCAGGT-3'; Invitrogen-Life Technologies, Glasgow, UK). They were designed on the basis of the conserved regions of the 5'-and 3'-end of the 16S rRNA gene. 15 Amplified DNA was detected after electrophoresis at 100 V for 1 h on a 1.0% (w/v) agarose gel by staining with ethidium bromide in 1X TBE buffer. The lengths of the amplified products were detected by comparison against a DNA XIV 100 bp ladder (Roche Diagnostics).
The 16S rRNA gene amplified products were digested with TaqI and AluI (Roche Diagnostics) restriction enzymes. 15, 21 Samples were incubated for 3 h at 65°C and 37ºC, respectively. Restriction fragments were detected after electrophoresis at 80 V for 3 h on a 2.5% (w/v) agarose gel by staining with ethidium bromide in 1X TBE buffer. Band lengths were determined by comparison against a DNA XIV 100 bp ladder (Roche Diagnostics). Profiles of the obtained bands were then compared with those previously described. 15, 21 To confirm the identification results obtained by PCR-RFLP, representative 16S rRNA gene amplicons of each (GTG)5-PCR typing profile was sequenced by Macrogen Inc. (Seoul, South Korea) using an ABI3730xl automatic DNA sequencer. Three reactions were performed using Aceti I-F and Aceti IV-R (described above) and Aceti III-R (5'-AAC-CACATGCTCCACCGCTTG-3'). 15 Posterior sequence merging using the CLUSTALW alignment tool (http://www.ebi.ac.uk/services/) was necessary to obtain one consensus sequence for each typing profile. The consensus sequences were compared with those in the Genbank database (http://www.ncbi.nlm. nih.gov/genbank/).
Samples that were not identified at the species level by PCR-RFLP of the 16S rRNA gene were amplified using the 16S-23S rRNA ITS method 16 using primers ITS1 (5'-ACCTGCGGCTGGATCACCTCC-3') and ITS2 (5'-CCGAATGCCCTTATCGCGCTC-3'; Invitrogen-Life Technologies). Amplified DNA was detected by electrophoresis at 100 V for 1 h on a 1.0% (w/v) agarose gel stained with ethidium bromide in 1X TBE buffer. The lengths of the amplified products were measured by comparison against a DNA XIV 100 bp ladder (Roche Diagnostics). The amplified products were sent to Macrogen Inc. for purification and sequencing, and the sequences were analyzed as described for the 16S rRNA sequences.
Results and Discussion
Acetic acid bacteria isolation and identification
Samples from two grape musts (M1 and M2) were plated on GY medium to isolate different AAB strains. A total of 23 isolates from M1 and 20 isolates from M2 produced a clear halo and were therefore considered putative AAB and typed by (GTG)5-PCR. Of all 43 isolates, 37 showed clear electrophoresis amplification products resulting in 21 (11 for M1 and 10 for M2) different electrophoretic profiles (Figure 1 ). Isolates producing distinct electrophoretic profiles were considered to be different strains.
Each profile was identified at the species level by restriction analysis of the 16S rRNA gene amplification products, and all of them presented the expected product (ca 1450 bp) corresponding to AAB. A comparison of restriction profiles obtained by PCR-RFLP with those obtained previously by our group, 6,15 identified 4 AAB species in M1 and 3 species in M2 (Table 1, Figure 2) .
Most of the profiles (13) were grouped with G. oxydans PCR-RFLP electrophoretic pattern. The remaining profiles were grouped with A. aceti or with the species included in a cluster belonging to the Gluconacetobacter genus (Ga. liquefaciens, Ga. xylinus, Ga. europaeus, and Ga. diazotrophicus). In contrast, this technique was not able to classify some profiles as known species (Table 1) . Thus, these results showed the same AAB diversity previously reported in the same cellar. 6, 7, 15 Although the restriction technique allows the grouping of highly related species, sequencing of the 16S rRNA gene is necessary to obtain a more precise identification. The results from a comparison of the consensus sequences with the Genbank database are summarized in Table 2 .
Typing profiles 1-6 and 12-18 were identified as G. oxydans by PCR-RFLP of the 16S rRNA gene; however, after sequencing, they were identified as different species belonging to the Gluconobacter genus. Only one isolate was indeed G. oxydans (typing profile 17); the remaining isolates belonged to closely related species: G. japonicus, G. albidus, G. cerinus, and G. thailandicus. Due to high homology between the 16S rRNA genes of the AAB species, PCR-RFLP of the 16S rRNA gene was unable to differentiate between these species, and consequently, all of them were included in the same cluster. Kozakia baliensis (typing profile 12) was also included in the G. oxydans cluster by RFLP-PCR of the 16S rRNA gene even though it belongs to another genus. This isolate is the first Kozakia species to be described in grape must; the genus was first recovered from brown palm sugar. 22 The only species accepted in the Approved List of Bacterial Names under the Gluconobacter genus before 1980 was G. oxydans. 23 Since then, 13 different Gluconobacter species have been described. 24 Furthermore, G. oxydans has been the main species associated with healthy grapes in ecological studies. 3, [5] [6] [7] 10 Although most of these new species were isolated from sugar-rich substrates, only G. japonicus has also been isolated from grapes. 11 The Gluconobacter species isolated from grapes in this study had initially been isolated and identified from flowers (G. albidus and G. thailandicus) or fruits (G. cerinus and G. japonicus). The absence of these Gluconobacter species from previous studies involving grapes is likely due to their recent discovery. Therefore, some of the isolates identified as G. oxydans in early ecological studies could belong to other, recently described Gluconobacter species.
Isolates corresponding to typing profiles 9 and 19 were tentatively identified by PCR-RFLP of the 16S rRNA gene as A. aceti, but after 16S rRNA gene sequence analysis, they were included in a cluster corresponding to the species A. malorum and A. cerevisiae. Only after sequencing of the 16S-23S rRNA gene ITS could these isolates be clearly identified as A. malorum (typing profile 9) and A. cerevisiae (typing profile 19). With the isolates corresponding to typing profile 11, which could not be identified by PCR-RFLP of the 16S rRNA gene, 16S rRNA gene sequencing identified this profile as A. pasteurianus or A. pomorum. Posterior identification by 16S-23S rRNA gene ITS sequence analysis identified these isolates as A. pasteurianus. The isolation of these Acetobacter species (A. malorum, A. cerevisiae, and A. pasteurianus) from grapes was not surprising because all of these species have previously been described on grapes and in wine and vinegar. 3, 4, 5, 10, 11 Also identified by 16S rRNA gene analysis within the Acetobacter genus were isolates with typing profiles 20 and 21. However, no further identification could be performed beyond this point as the sequencing profiles were ambiguous, most likely due to a mixture of species in the same colony, a phenomenon which has been observed previously. The same could be true for the isolates with typing profiles 5, 7, 8 and 10, where the ambiguity in the sequence of both regions (16S rRNA gene and 16S-23S rRNA gene ITS) impeded clear identification.
Conclusions
Thus, we conclude that a high diversity of AAB species was isolated from grape must in a vineyard where previous work described a limited variability. This expansion is mostly due to the recent description of most of these species. As the number of total isolates was limited, more ecological studies should be performed to determine the actual AAB diversity in grapes and wine. u s e u s e
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